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(57) ABSTRACT

An electric machine (1) for a hybrid or electric vehicle has
an external rotor and a stator (2) within the rotor (3). The
rotor (3) has a rotor carrier (4), rotor plates (5) and perma-
nent magnets (6). The rotor carrier (4) has a first, radially
extending carrier section (7) and a second axially extending
carrier section (8). The second carrier section (8) bears the
rotor plates (5) and permanent magnets (6). The stator (2)
has stator plates (9) and wire windings (10) that form
winding heads (11, 12) extending axially on both sides over
the stator plates (9). An impeller wheel (14) is connected to
the rotor carrier (4) and is between the winding heads (11)
on an axial side of the stator (2), and the second carrier
section (8). The electric machine provides high power in a
small axial extent with optimum air cooling of the rotor and
stator.

15 Claims, 4 Drawing Sheets
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1
ELECTRIC MACHINE FOR A HYBRID OR
ELECTRIC VEHICLE

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims priority under 35 USC 119 to
German Patent Appl. No. 10 2012 106 740.6 filed on Jul. 25,
2012, the entire disclosure of which is incorporated herein
by reference.

BACKGROUND

1. Field of the Invention

The invention relates to an electric machine for a hybrid
or electric vehicle. The electric machine has an external
rotor and a stator arranged within a rotor. The rotor has a
rotor carrier, rotor plates and permanent magnets. The rotor
carrier has a first, radially extending carrier section and a
second, axially extending carrier section connected thereto.
The second carrier section bears the rotor plates and the
permanent magnets. The stator has stator plates and wire
windings. The wire windings form winding heads that
extend axially on both sides over the stator plates. An
impeller wheel is connected to the rotor carrier.

2. Description of the Related Art

DE 195 13 134 Al discloses the above-described electric
machine. The impeller wheel of the electric machine of DE
195 13 134 Al is molded integrally and protrudes freely
toward the outside into a floor of the rotor carrier which is
configured in a beaker shape. Cooling air is sucked into the
beaker-shaped rotor carrier and forced through the stator
when the impeller wheel rotates, thereby ensuring sufficient
cooling of the winding heads of the stator. The impeller
wheel is arranged between the winding heads, which are
arranged on an axial side of the stator, and a bell-shaped
cover housing, which is fit over the rotor. The cover housing
has an air inlet duct on the floor of the rotor carrier in the
region of the impeller wheel and air outlet openings for the
cooling air at an attachment end having an end plate.

The impeller wheel of this known electric machine is
arranged axially next to the winding heads. Thus, the electric
machine disadvantageously has a relatively large axial
extent. In this context, additional axial installation space is
required for the impeller wheel and therefore is not utilized
for other components of the electric machine that are func-
tionally absolutely necessary. Given a specific power level
of the electric machine, a relatively large axial extent of the
electric machine is therefore required.

The object of the invention is to provide an electric
machine that has a high power level accompanied by a short
axial extent and that has optimum air cooling in the region
of the rotor and stator.

SUMMARY OF THE INVENTION

The invention relates to an electric machine where the
impeller wheel is arranged between the winding heads,
which are arranged on an axial side of the stator, and the
second carrier section. The stator therefore comprises wire
windings that are wound around the stator plates. The wire
windings extend here, when viewed in the axial direction,
beyond the stator plates on both sides and form the winding
heads there. As a result, the rotor carrier first must be made
to extend axially past the winding heads, which are arranged
on this axial side of the stator. The rotor carrier, when
viewed in the radial direction, is arranged in the region of the
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second carrier section and behind the rotor plates. Thus, an
unused installation space is produced in the radial direction
in the region of the rotor plates. The rotor carrier lies radially
on the outside and must engage around these winding heads.
This free installation space is utilized for mounting the
impeller wheel. Since the rotor carrier is equipped with the
impeller wheel, previously unutilized installation space can
be used to improve the cooling of the electric machine.

Accordingly, the electric machine is optimized in terms of
the tensioned dimensional chain in the longitudinal structure
of the drive train of the hybrid or electric vehicle. The
longitudinal structure, and therefore the axial extent of the
electric machine, can be kept as short as possible with
possible installation of maximum power. The increased
power gives rise to increased cooling requirements. How-
ever, this cooling is brought about by the impeller wheel,
which rotates with the rotor carrier.

The rotor carrier preferably is pot-shaped. More particu-
larly, the first carrier section forms a floor region of the rotor
carrier, and the second carrier section forms a circumferen-
tial wall region of the rotor carrier. Thus, the electric
machine can be structurally simple. This configuration
enables the electric machine to be connected to an internal
combustion engine and to a transmission of the vehicle.

The impeller wheel preferably is arranged adjacent to the
floor region of the rotor carrier. This positioning of the
impeller wheel contributes to keeping the longitudinal struc-
ture as short as possible. In this regard it is advantageous that
the impeller wheel is arranged adjacent to the laminated core
and the permanent magnets. Accordingly, the impeller wheel
advantageously is arranged immediately adjacent to the floor
region of the rotor carrier and immediately adjacent to the
laminated core and the permanent magnets.

The impeller wheel preferably has an axial extent that
corresponds substantially to the axial excess dimension of
the winding heads, on the axial side of the stator assigned to
the impeller wheel, above the rotor plates and/or the per-
manent magnets. As a result, the impeller wheel takes up an
axial space that is available in any case as a result of the axial
excess dimension of the specified winding heads. The impel-
ler wheel therefore does not require any additional axial
installation space of the electric machine. Only that axial
installation space of the electric machine that is absolutely
necessary in any case for other components of the electric
machine is utilized.

The impeller wheel acts as a radial blower and delivers an
air flow that is either cooled by an open cooling system that
feeds in relatively cold air via a feed duct, and relatively
warm outgoing air is discharged via a window. Alternatively,
a closed cooling system may be provided by circulating the
air continuously within the closed-off electric machine of the
impeller wheel or of the radial blower.

Incoming air of an open cooling system advantageously is
fed in the axial direction into the region between the rotor
and stator via feed ducts in a housing of the electric machine,
and outgoing air is discharged through openings in the rotor
carrier and the housing.

The rotor carrier and the impeller wheel preferably define
a single cast part. As a result, the complex, costly impeller
wheel geometry is manufactured by casting. The rest of the
rotor carrier is processed in a material-cutting fashion.

The impeller wheel preferably has holes on the circum-
ference and individual plastic air-blade-shaped elements are
inserted into the holes and secured there in the impeller
wheel. The air-blade-shaped elements may clipped in and/or
secured radially, above all however also tangentially.
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The impeller wheel also may have holes on the circum-
ference. The holes are shaped by a shaping process to form
air-blade-shaped elements.

An axial seal may be arranged between the housing and
the rotor carrier. The axial seal between the housing and the
rotor carrier guides the air in a targeted fashion to compo-
nents to be cooled and avoids leakage for a highly efficient
cooling air volume flow.

The rotor carrier preferably is connected to an axial
receptacle for connecting to a transmission input shaft in a
rotationally fixed fashion.

If the electric machine is used in conjunction with a
hybrid vehicle, the electric machine preferably has an axially
arranged intermediate shaft for connecting to a crankshaft of
the internal combustion engine in a rotationally fixed fash-
ion. In this context, the intermediate shaft is connected
indirectly to the crankshaft.

The electric machine that is used in a hybrid vehicle may
have a clutch for connecting the intermediate shaft and
transmission input shaft in a rotationally fixed fashion when
the clutch is closed. Therefore, if the clutch is opened, only
the electric machine acts on the vehicle transmission. When
the clutch is closed, the internal combustion engine acts on
the vehicle transmission, or the electric machine and the
internal combustion engine act thereon.

The electric machine may be mounted in such a way that
the impeller wheel and/or the radial blower initially are
introduced into the rotor carrier, and subsequently the rotor
plates are added. The rotor carrier then is rolled or caulked
at its axial end position lying opposite the impeller wheel or
the radial blower. This rolling/caulking causes the impeller
wheel and radial blower to be secured axially.

The radial securing of the impeller wheel and radial
blower may be ensured by screws. The screws simultane-
ously function to screw a pressure plate of the clutch to the
rotor of the electric machine, since the electric machine is
inserted into the drive train of the motor vehicle.

The inventive arrangement of the impeller wheel ensures
that a maximum air flow is guided between the rotor and the
stator, in particular through the gap between the permanent
magnets and the stator plates with the winding heads. This
ensures optimum air cooling of these thermally loaded
regions of the electric machine.

Further features of the invention emerge from the
appended drawing and the description of the preferred
exemplary embodiment represented in the drawing, without
being limited thereto.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a vertical section through the electric machine
according to the invention, in section in the axial direction
of the electric machine.

FIG. 2 is a section taken along line II-II in FIG. 1.

FIG. 3 is a section taken along line III-III in FIG. 1.

FIG. 4 is a section taken along line IV-IV in FIG. 1.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

The electric machine 1 illustrated in the figures is used in
a hybrid vehicle, preferably a sports car, that has the
electromotive drive by means of the electric machine and the
drive by means of the internal combustion engine.

The electric machine 1 has a stator 2 arranged within a
rotor 3. The rotor 3 has a rotor carrier 4, rotor plates 5 and
permanent magnets 6. The rotor carrier 4 is formed by a first,
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radially extending carrier section 7 and a second, axially
extending carrier section 8 connected thereto. The first
carrier section 7 forms the floor of the rotor carrier 4, and the
second carrier section 8 forms a circumferential wall of the
rotor carrier 4. The rotor plates 5 and the permanent magnets
6 are carried by the second carrier section 8 and are arranged
radially on the inside of the second carrier section 8.
Specifically the rotor plates 5 are positioned outward of the
permanent magnets 6. The rotor plates 5 and the permanent
magnets 6 extend over the same axial length which is shorter
than the axial length of the second carrier section 8.

The stator 2 has stator plates 9 and wire windings 10. The
wire windings 10 form winding heads that project axially on
both ends above the stator plates 9. The winding heads on
the side of the first carrier section 7 are denoted by the
reference number 11, and the winding heads of the side of
the stator 2 facing away from this side are denoted by the
reference number 12.

FIG. 1 shows that a dead space 13 exists between the
radially outer region of the first carrier section 7, the rotor
plates 5 and the permanent magnets 6. The dead space 13 is
arranged concentrically with respect to the axis of the rotor
3 and is in an axial position between the stator plates 9 and
the winding heads 11, and is in a region in the second carrier
section 8 facing the first carrier section 7. An annular
impeller wheel 14 is arranged in the dead space 13 and acts
as a radial blower. The impeller wheel 14 is connected to the
rotor carrier 4 in the region of the first carrier section 7. The
impeller wheel 14 accordingly is arranged between the
winding heads 11 and the second carrier section 8. More-
over, the impeller wheel 14 is connected to the first carrier
section 7 at a short distance from the rotor plates 5 and
permanent magnets 6. The rotor plates 5 and permanent
magnets 6 extend over the same axial extent of the electric
machine 1, and therefore end at the same axial position on
the electric machine 1.

The stator 2 is mounted in a housing 15 of the electric
machine 1 and is connected thereto. The housing 15 is
provided in its upper region with a feed duct 16 for incoming
air and for relatively cold air. This feed duct 16 divides in the
housing 15 into a multiplicity of feed ducts 17 that open
axially in the region of the winding heads 12 into the cavity
in the electric machine 1 that is bounded by the stator 2 and
the rotor 3, and specifically into the region of the circum-
ferential axial gap between rotor plates 5/permanent mag-
nets 6 and stator plates 9/winding heads 11. The air is sucked
in through this gap via the impeller wheel 14, and therefore
the radial blower, and is expelled by the impeller wheel 14
through radially extending passages 18 in the second carrier
section 8 and passages in the housing 15 that are not
illustrated. As a result, the air from the electric machine 1
can be conveyed through these passages in the rotor carrier
4 and the housing 15. This electric machine 1 therefore has
an open cooling system.

As a result, relatively cold air is fed into the region
between the stator 2 and the rotor 3 via the feed ducts 16 and
17, is heated up there by waste heat of the electric machine,
and relatively warm outgoing air is carried out of the electric
machine 1 through the passages 18 and the passages in the
housing 15.

The rotor 3 has a cylinder section 19 connected to the first
carrier section 7 and the rotor 3 is mounted rotatably in the
housing 15 via the cylindrical section 19 by double ball
bearings 20. The double ball bearings 20 are mounted
radially on the outside in the housing 15 and take up the
cylinder section 19 radially on the inside. The cylinder
section 19 takes up needle bearings 21 radially on the inside,
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and an intermediate shaft 22 is mounted in the needle
bearings 21. The intermediate shaft 22 connects indirectly to
a crankshaft of the internal combustion engine. Therefore,
during operation of the internal combustion engine, the
crankshaft thereof drives the intermediate shaft 22. The
input of this intermediate shaft 22 is on the side of the
housing 15 assigned to the winding heads 12. A wheel 23 is
connected to the rotor carrier 4 on the other side of the
housing 15, and specifically on the side to which the winding
heads 11 are assigned. The wheel 23 has a receptacle 24 for
connecting to a transmission input shaft in a rotationally
fixed fashion. The receptacle 24 has a notched toothing for
the transmission input shaft which has a corresponding
notched toothing at the end.

The rotor 3, intermediate shaft 22 and wheel 23 can rotate
about the same central axis of the electric machine 1.

The side of the electric machine 1 facing the winding
heads 11 also has a clutch 25. The clutch 25, when closed,
brings about frictional engagement between the intermediate
shaft 22 and the rotor 3, and therefore frictional engagement
between the intermediate shaft 22 and the transmission-side
receptacle 24 by virtue of the fixed connection between the
rotor 3 and the receptacle 24. The clutch 25 has a pressure
plate 26, a corresponding pressure plate 27, a disk spring 28
and a disengagement bearing 29, mounted in the housing 15
for the disk spring 18.

The pressure plate 26 of the clutch 25 is connected to the
rotor carrier 4 by screws 30 penetrate drilled holes in the
pressure plate 26 and are screwed into threaded holes in the
rotor carrier 4 in the region of the first carrier section 7
adjacent to the second carrier section 8. The screws 30 in the
region of the impeller wheel 14 function to secure the
impeller wheel 13 radially. In this respect, the free ends of
the screws 30 make contact with the impeller wheel 14 and
position the impeller wheel 14 between the ends of the
screws 30 and the permanent magnets 6 of the rotor 3.

The mounting of the electric machine 1 is provided so that
the impeller wheel 14 initially is inserted into the rotor
carrier 4. The rotor plates 5 then are added and then the rotor
carrier 4 is rolled or caulked at its axial end position opposite
the impeller wheel 14. This rolling/caulking secures the
impeller wheel 4 axially. An end region 31 is generated by
rolling or shaping and extends radially inward, as shown in
FIG. 1.

An electrical connection 32 of the electric machine 1 is
illustrated in FIGS. 2-4. More particularly, electric cables 33
lead to the electric machine 1 for the three phases of the
electric machine 1. Specifically, to conduct current to the
coils of the stator 2, three connecting rings 34 are provided
radially outside the winding heads 12. The connecting rings
34 are insulated from one another in a plastic part 35.

What is claimed is:

1. An electric machine for a hybrid or electric vehicle
comprising a stator arranged within a rotor so that the rotor
and the stator are concentric about an axis that extends in an
axial direction, the rotor having a rotor carrier with a radially
extending carrier section that extends substantially radially
out from the axis and an axially extending carrier section
connected to a radially outer region on the radially extending
carrier section and extending substantially parallel to the
axis, rotor plates mounted to a radially inner side of the
axially extending carrier section and spaced axially from the
radially extending carrier section and permanent magnets
mounted to a radially inner side of the rotor plates and
spaced axially from the radially extending carrier section,
the stator having stator plates and wire windings, the wire
windings forming winding heads that extend axially on both
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sides over the stator plates, and an impeller wheel connected
to the radially extending carrier section of the rotor carrier
and aligned axially with and facing the rotor plates and the
permanent magnets, the impeller wheel further being
arranged at a radial position radially inward of the axially
extending carrier section and radially outward of the wind-
ing heads that are arranged on one axial side of the stator so
that the impeller wheel does not project axially beyond the
winding heads and does not project radially beyond the
axially extending carrier section.

2. The electric machine of claim 1, wherein the rotor
carrier is pot-shaped, the radially extending carrier section
forming a floor region of the rotor carrier, and the axially
extending carrier section forming a circumferential wall
region of the rotor carrier.

3. The electric machine of claim 1, wherein the impeller
wheel is arranged adjacent to the rotor plates and to the
permanent magnets.

4. The electric machine of claim 1, wherein the impeller
wheel forms a component of an open or closed cooling
system.

5. The electric machine of claim 4, wherein the cooling
system is open, incoming air is fed in the axial direction into
a region between the rotor and stator via feed ducts in a
housing of the electric machine, and outgoing air is dis-
charged through openings in the rotor carrier and openings
in the housing.

6. The electric machine of claim 1, further comprising a
wheel connected to the rotor carrier, the wheel having a
receptacle for connecting to a transmission input shaft in a
rotationally fixed fashion.

7. The electric machine of claim 1, wherein the electric
machine has an axially arranged intermediate shaft for
connecting to a crankshaft of an internal combustion engine
in a rotationally fixed fashion.

8. The electric machine of claim 7, wherein the electric
machine has a clutch for connecting the intermediate shaft
and wheel in a rotationally fixed fashion when the clutch is
closed.

9. The electric machine of claim 8, wherein a pressure
plate of the clutch is connected to the rotor carrier by means
of screws.

10. The electric machine of claim 1, wherein the impeller
wheel is configured to act as a radial blower.

11. The electric machine of claim 1, wherein the rotor
plates are secured between the impeller wheel, inserted into
the rotor carrier, and a section of the rotor carrier that faces
away from the impeller wheel.

12. The electric machine of claim 1, wherein the rotor
carrier and the impeller wheel define a unitary cast part.

13. The electric machine of claim 1, wherein the impeller
wheel has holes on a circumference of the impeller wheel
and air-blade-shaped elements that interact with said holes.

14. The electric machine of claim 1, wherein the impeller
wheel has holes on a circumference of the impeller wheel,
and the holes are shaped by a shaping process to form
air-blade-shaped elements.

15. An electric machine for a hybrid or electric vehicle
comprising a stator arranged within a rotor, the rotor having
a rotor carrier, rotor plates and permanent magnets, the rotor
carrier having a first, radially extending carrier section and
a second, axially extending carrier section connected to one
another, the second carrier section bearing the rotor plates
and the permanent magnets, the stator having stator plates
and wire windings, the wire windings forming winding
heads that extend axially on both sides over the stator plates,
and an impeller wheel connected to the rotor carrier, the
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impeller wheel being arranged between the winding heads
arranged on an axial side of the stator and the second carrier
section, an axially arranged intermediate shaft for connect-
ing to a crankshaft of an internal combustion engine in a
rotationally fixed fashion, and a clutch for connecting the 5
intermediate shaft and wheel in a rotationally fixed fashion
when the clutch is closed, the clutch having a pressure plate
connected to the rotor carrier by screws, wherein the screws
interact with and position the impeller wheel in the radial
direction. 10



